Abstract: An autopsy case of a primary pericardial mesothelioma in a 53-year-old arc cutter is reported. He had often had the chance to inhale dust generated by sharpening the slate pencils composed of talc. He was admitted for heart failure due to pericardial tumor, but later died. The tumor was mainly located on the pericardium with a thickness of about 2.5 cm. Small nodular disseminations were observed in the left parietal pleura. Microscopically, tumor cells were epitheliallike and rich in histochemical demonstrable hyaluronic acid. Findings of immunohistochemical markers revealed keratin (+), EMA (+), calretinin (+), and CEA (-), which were characteristics of mesothelioma of epithelial type. The number of asbestos bodies (AB) in the lung parenchyma was increased (2,026 AB/gram dry lung tissue). Subsequent transmission electron microscopic examination equipped with an energy dispersive X-ray analyzer revealed that the fibers identified in the lungs were fibrous talc and actinolite. These findings suggested that this patient had been occupationally exposed to asbestos contaminated in the talc pencils, which induced the development of primary pericardial mesothelioma.
Primary pericardial mesothelioma is an extremely rare and lethal cardiac tumor 1) . A correlation has been established between exposure to asbestos and the development of pleural and peritoneal mesothelioma in many epidemiological surveys 2) . However, the etiology of pericardial mesothelioma has not been elucidated. We report a case of pericardial mesothelioma occurring in an arc cutter who had used talc pencils, and examined the association between occupational exposure to asbestos and the development of this tumor by mineral analysis.
A 53-years-old man was admitted to our hospital because of shortness of breath and leg edema. He had been working for an ironworks for 28 yr. He had used slate pencils composed of talc when he drew the lines of arc cutting on iron plates since he was 26 years-old. He had often inhaled the dust generated when sharpening the talc pencils using sandpaper without respirator. He had smoked 2 packs of cigarettes for 18 yr.
Physical examination revealed distended jugular veins and leg edema. Breath sounds were decreased throughout the entire left lung field, but no fine crackle and no heart murmur was audible. His liver edge was palpable five fingerbreadths below the right costal margin.
Chest radiography on admission revealed cardiac enlargement and bilateral pleural effusion (Fig. 1a) . Computed tomographic scan of the chest revealed bilateral pleural effusions, a neoplastic thickening that occupied the entire pericardial space without pericardial effusion and compressed the left ventricle (Fig. 1b) . However, it did not reveal the findings of pleural plaque and pneumoconiosis. Gallium-67 scintigraphy revealed abnormal accumulation of radioisotope in the cardiac tumor (Fig. 1c) . We performed several examinations in order to search for another primary lesion, but no lesion except the pericardial tumor was recognized.
Laboratory findings revealed an increased white blood cell count (12,600 /mm 3 ), elevations of serum bilirubin (2.3 mg/dl) and C-reactive protein (10.5 mg/dl), and normal levels of tumor markers such as CEA, CA19-9, and α-fetoprotein. Thoracocentesis yielded a clearly serous effusion, but its level of hyaluronic acid (18,600 ng/ml) was not so high as typical mesothelioma. Cytological examination of this aspiration revealed atypical cells with large eosinophilic nuclei.
The patient was clinically diagnosed with primary pericardial mesothelioma based on these imaging and cytological findings. As a result of communication with the patient and his family, we decided to do palliative treatments to relieve his symptoms instead of the chemotherapy. He died four months from the first admission, and consent for an autopsy was obtained from his family. The primary tumor was mainly located over the entire pericardium with a thickness of about 2.5 cm (Fig. 2) . It extended to the cardiac base and compressed the superior vena cava and cardiac chambers. Microscopically, depositions of iron particles and mild pulmonary fibrosis were found. No pleural plaque was detected, but small nodular lesions, which were diagnosed as disseminations of the pericardial tumor, were observed in the left parietal pleura. The tumor cells were cuboidal cells with rounded nuclei, forming tubular and papillary structures (Fig. 3) . Histochemical examinations demonstrated the presence of periodic acid-Schiff-positive and hyaluronidase-digestible components, indicating that cells were rich in histochemically demonstrable hyaluronic acid. Evaluation of immunohistochemical markers revealed a positive reaction to keratin, EMA, and calretinin (Fig. 3) , and a negative reaction to CEA, which were characteristics of mesothelioma of epithelial type.
We determined the amounts of asbestos bodies (AB) by the filtration method after digesting the pericardial tumor and lung tissue 3) . There was no asbestos body in the primary tumor, but mildly increased number of asbestos bodies (2,026 AB/gram dry tissue) was observed in lung parenchyma. Analytical transmission electron microscope equipped with an energy dispersive X-ray analyzer (ATEM) revealed a large number of iron particles due to exposure to metal fumes, several fibrous talc and asbestos fibers in the lung parenchyma (Fig. 4) . The energy dispersive X-ray (EDX) spectrum of the fibers showed typical characteristics of the talc and actinolite fiber (asbestos) (Fig. 5) . No chrysotile fibers were detected by this ATEM analysis on many specimen fields although it was a quantitative analysis.
We reported an autopsy case of a worker who had worked as an arc cutter and died of primary pericardial mesothelioma, and the mineral analysis of his lung showed that he was occupationally exposed to asbestos.
Primary pericardial tumor is extremely rare, reported incidence of less than 0.0022% among 500,000 with autopsy cases 4) . Of such tumors, pericardial mesothelioma is probably the most common type. Hillerdal reviewed 4,710 cases of mesothelioma, and found that 88.8% of the cases were of pleural origin, 9.6% were peritoneal, 0.6% were both, 0.7% were pericardial, and 0.2% were in the tunica vaginalis testis 5) . Murai reviewed 1,846 cases of mesothelioma in Japan, and reported that the percentage of cases of pericardial mesothelioma was 6% (108 cases) 6) . Thomason et al reviewed 28 cases of pericardial mesothelioma described in the English literature from 1972 through 1992 1) , and reported a male: female ratio of 2:1 and wide range of age (12-77 yr; mean 47 yr).
The symptoms of the pericardial mesothelioma are nonspecific, such as chest pain, dyspnea, cough, and edema, so that most patients are diagnosed at an advanced stage. Computed tomography of the chest, magnetic resonance imaging, gallium-67 scintigraphy, and echocardiography can be of great help in making the diagnosis. However, precise diagnosis requires surgical biopsy including histological and immunohistochemical examinations. At present, there is no specific therapy for this disease. The median survival from the time of diagnosis is less than 6 months 7) . Ozer reported that pleural mesothelioma often invades to the pericardial space in the advanced phase of disease 8) . Therefore, our case must be distinguished from pericardial invasion by pleural mesothelioma. In our case, the tumor was mainly located in the pericardial space, and there was no continuity between the pericardial tumor and small lesions scattered in the left pleural space. These findings support that the pericardial lesion was the primary. The epidemiological association of exposure to asbestos and subsequent development of pleural and peritoneal mesothelioma is well-established 2) . Unlike pleural or peritoneal mesothelioma, no definite association between previous exposure to asbestos and the development of this tumor has been established. Thomason et al. reported that exposure to asbestos had been documented in four of 28 cases (14%) 1) . Beck et al. reported three cases of primary pericardial mesothelioma associated with occupational asbestos exposure 9) . In Japan, Kishimoto, et al. reported a female case of pericardial mesothelioma who had been working in Navy dockyard, and found asbestos bodies in her lung 10) . Our patient had worked as an arc cutter for 28 yr and had drawn cutting lines on metal plates using slate pencils. He had inhaled dust generated from sharpening of this pencils. Slate pencils are manufactured from natural rock mainly consisting of talc, which is well known to cause 'talc' pneumoconiosis 11) . Talc is also used in numerous manufacturing industries for use in paints, ceramics, plastics, rubber products, paper, cosmetics, and pharmaceuticals 12) . Talc contains various percentages of asbestos fibers as an impurity 13) , so that workers handling talc might be at risk of asbestos exposure. Although welders are well known to be at high risk for asbestos exposure 14) , few studies have mentioned about a risk for asbestos exposure in arc cutters. In this case, there was no morphologic change of exposure to asbestos such as pleural plaques, but we found increased amounts of asbestos bodies in lung parenchyma (2,026 AB/ gram dry tissue) above the minimum level for occupational asbestos exposure proposed by Kohyama et al. 15) . Furthermore, ATEM analysis revealed that fibers detected in the lung parenchyma were actinolite, and no other asbestos fibers were found by the qualitative analysis. Actinolite is also known to be carcinogenic to animals as well as other types of asbestos 16, 17) . These findings suggest that this patient had been occupationally exposed to asbestos (actinolite asbestos), which might be highly relevant to the development of pericardial mesothelioma.
Asbestos-related diseases could be found in arc cutters handling talc pencils as well as arc welders. Some cases of primary pericardial mesothelioma might be associated with asbestos exposure. On September 19, 2003, primary malignant pericardial mesothelioma with occupational asbestos exposure was added in the list of prescribed diseases in Japan.
